Abstract
Introduction
Though interest about energy saving is expanding due to the exhaustion of limited energy resources and abrupt climate changes, users do not realize the energy-saving effect of standby power reduction; thus, waste of electric energy is continued. Standby power is a power which is being consumed to await signal even after power is turned off in electric products [1] . According to a national scale actual site survey conducted by KERI (Korea Electrotechnology Research Institute) in the year 2011, by reducing only standby power, 209kWh equivalent to 6.1% of the total power consumption of 3400kWh can be saved a huge amount equivalent to the power generation of more than 1 unit of 500 megawatt capacity thermoelectric power plant [2] .
Recently, on July 30, 2012, an unprecedented scale power failure occurred in India, which was caused by insufficient power supply as compared with demand, initiating damage affecting as many as 620 million and economic losses over USD 1 million. Problems are still occurring due to power shortage even at this moment as one of the efforts to relieve power problem, the IEA(International Energy Agency) is driving a policy to reduce the standby power of home appliances to 1W. In other countries also, efforts for standby power reduction are being made via various programs such as the Top Runner program, Energy 2000, Energy Star, GEEA, Eco-Label, Blue Angel, and Nordic Swan [1] [2] [3] [4] . However, with increases in IT product consumption following the proliferation of Internet and information communication and home network system in houses, standby power would continuously increase [5] . According to a presentation in a Swiss workshop held by the IEA, it is expected that 1/4 of home power consumption during the year 2020 would be occupied by standby power, therefore it is necessary to conduct research to reduce standby power which is unnecessarily being wasted [6] .
Existing standby power reduction technology includes reduction in standby power at maximum level with hardware, standby power cutoff consent, PC control type multi-tap, human detection sensor consent, timer type standby power cutoff device, batch control system, and individual control system [7] [8] . Though standby power can be reduced solely with these standby power reduction systems, in case of hardware type technology, complete cutoff of standby power is difficult in consent type standby power cutoff devices, batch control system, and individual control system as it creates the inconvenience of passive participation of users during standby power cutoff and supply. Human detection sensing sensor consent was developed to resolve these problems and serve to be more convenient than manually-controlled devices and systems. Since these automatically cut off and supply standby power according to access of users to consent, an installation spot should be carefully considered and the device must remain accessible to trigger the standby power supplied.
Therefore, in this study, the user's inconvenience and the reduction of power energy were resolved by designing and implementing a system that automatically controls standby power according to the location of users unlike existing systems and devices that are controlled by users manually. The proposed system divides an entire area into zones and controls the standby power according to the presence of users at each zone. It is possible to monitor the number of persons present in the room and the home appliance's motion status, power consumption, and reduction amount of standby power. The proposed system uses a PIR sensor (Pyroelectric Infrared Sensor) to perceive a user's entry and exit into/from room and an Electric Powermeter to cutoff and supply standby power. Between a base node attached to control system and each sensor, an IEEE 802.15.4 based ZigBee technology is being used [9] .
A testbed was set up to test the proposed system performance. By applying the implemented standby power reduction system, the reduction amount was estimated. Also, based on the virtual scenario according to the participating rate of manual control by users, performance was compared between existing standby power control system and proposed system in this study.
Related Work
Researches on the standby power reduction plan are expanding, and advanced countries such as Australia, Switzerland, France, Japan, and Korea have enacted and exercised regulations on standby power. Australia is exercising the "National policy of standby power 1W" to achieve a mandatory standby power of 1W till the year 2012. It made a warning label on products as regards exceeding the mandatory standby power of 1W [10] . Also, the GEEA (Group for Energy Efficient Appliances) operated by the EU (8 European countries composed of Switzerland, Denmark, Austria, Germany, Netherlands, Sweden, Finland, and France) participated in the standby power reduction policy through the distribution system of voluntary energy saving products. Japan holds the "Top Runner Program" which aims a maximum efficiency level per item within specified duration [3] [11] . Korea exercised a policy of standby power reduction of 1W in all electronic products till the year 2010 through its drive "Standby Korea 2010" to be followed by "Standby Korea 2015" which aims to achieve a standby power for all electronic products at a level less than 0.5W till the year 2015 and control standby power in network products [12] .
The researches about standby power cutoff device and standby power control systems are being furthered to reduce standby power, with standby power cutoff devices already existing, including standby power cutoff consent, PC control multi-tap, timer type standby cutoff device, and human body detection sensor consent [11] . Among these, standby power cutoff consent is the most widely used with the merits of easy installation and low cost, although users have to intercede to cut off and supply standby power either to products or standby power, and actual energy reduction rate is not high as compared to the distributed volume [13] . PC control type multi-tap is a device which cuts off the power of peripheral devices like printer, multifunction equipment, and monitor that are not being used, while automatic control is possible according to PC condition. However, these devices are limited only to a PC and its peripheral devices. It is not suitable to control home appliances. Also, timer type standby power cutoff device is the one which controls power regularly as a user sets up power supply and cutoff time. It is not suitable to the place where the device is used with an irregular pattern or utilized by multiple users. A human detecting sensor type consent is a device to control standby power per the user's access by using ultrasonic sensor and PIR sensor. It cuts and supplies power without the passive participation of users, but sensing may be impaired according to sensor angle and distance. Therefore, a sensor's position has to be considered carefully during consent installation. If a remote controlled device is used, it may cause the inconvenience of users approaching the sensing area to supply power.
Standby power controls that are currently being used are batch control system and individual control system, among others [13] . These systems can control standby power even without users directly accessing the device but they can cause the inconvenience of users manually cutting off and supplying standby system frequently. The proposed system divides an area into several zones as in Figure 1 At entry of zone, 2 numbers of PIR sensors are installed to judge the entry and exit of users. For home appliances within zone, the Powermeter receives an On or Off signal of standby power which is installed between consent and power plug. This signal sending and receiving packet is controlled by a system using ZigBee wireless communication technology. Design and Implementation of ZigBee-based Standby Power Reduction System by User Presence at Different Zones Kim Yun-Joo, Im Kyoung-Mi, Lim Jae-Hyun (b) Context Normalization : It executes parsing PIR sensor data and Powermeter data using the type information of sensor obtained by converting received raw data of packet from byte type to hexadecimal numbers. (c) Context Interpreter : It judges the presence of a person and counts the number of persons by performing sequential sensing from room entry and by distinguishing the reverse sequence as exit from room using the sensing data from 2 numbers of PIR sensors. It judges if home appliances are in idle mode or in motion on the basis of a critical value using the data received from Powermeter. (d) Service Provider : It sends a power cutoff command packet to Powermeter corresponding to standby mode while the number of person presented in the room is 0. If number of persons in the room is more than 1, it sends a power supply command packet to Powermeter. In between sensor node and base node, packet is sent and received using IEEE 802.15.4-based ZigBee wireless communication system. At this point, the receiving packet of PIR sensor is constructed at a total of 33 bytes, including header 10 bytes, data 20 bytes, and footer 3 bytes as can be seen from Figure 3 . The ID of each sensor is recognized using 18-19 node IDs, when 24-25 of raw data becomes 1. It is judged that the PIR sensor senses the movement of users.
Designing and Implementation of Standby

System designing
Specifications of packet
In case of Powermeter in Figure 4 , it is constructed of a total of 39 bytes comprised of header 10 bytes, data 26 bytes, and footer 3 bytes. The ID of the Powermeter is recognized using Node ID 18-19. Raw data at 24-35 is constructed to include peak values of current 3 bytes, raEnergy 3 bytes, and
. Active Power is estimated by dividing raEnergy into correction factor, and Apparent Power is obtained by dividing ravEnergy into correction factor [11] .
The structure of packet which controls Powermeter is as in Figure 5 . It is constructed at a total of 26 bytes comprising of header 11 bytes, Cmd_Msg 12 bytes, and Footer 3 bytes. Among these, the packet which cuts off and supplies power is 19-22. When 0 is sent to 22, power is supplied, whereas if 1 is sent, power is cut off. Destination_ID at 13-14 is the ID of Powermeter desired to be controlled.
System Implementation
This system used Java language as can be seen in Table 1 , Mysql 5.5 was used for data analysis and storage. The implemented standby power reduction system shows ON/OFF of home appliances and present persons in each 3 zones from the GUI screen and enables real time monitoring of the power consumption and standby power reduction by using the information stored in the database. Figure 6 shows the measurement result screen for a day using standby power system developed in this study, indicating the presence of 1 number of person, in case of Zone 2. The presence of 1 person was detected by the packet information of PIR sensor ID 1 and packet information of ID 2. Power consumption is the sum of the instantaneous power cumulated in the database. Reduced energy refers to reduced standby power via cutoff and was arrived at through the cutoff duration being multiplied by the average standby power. If the number of person presented in Zone 2 is 1, turning all the home appliances into green indicates Powermeter is On, while the reason why air conditioner becomes black with time lapse is standby power is cut off since there is no one present in the room. At this time, even if there is no one present in the room, power is supplied to the notebook because the standby power control system is designed to cut off only standby home appliances when there is no one present in the room after judging standby mode and motion. If each Zone is clicked, loss power at a daily, monthly, and yearly basis and reduced energy amount can be checked using cumulated power information in the database. For communication between each sensor and BaseNode, low power wireless communication ZigBee technology was utilized.
Experiment and evaluation
Experiment
The testbed of residential facility for the experiment was divided into 3 zones, 6 numbers of PIR sensors to sense the presence of users, 6 numbers of Powermeter to cut off and supply standby power by judging standby mode, 1 number of Base Node for sending and receiving the packet of each sensor, and 1 number of PC which executes the standby power reduction system installed as in Table 2 . For the calculation of the reduction amount in standby power through standby power cutoff, the average standby power for TV, set top box, notebook, air conditioner, microwave oven, and washing machine for 1 hour were measured and these values were applied on the calculation of the standby power reduction in the standby power reduction system as Table 3 . For the experiment, entry and exit were distinguished by installing 2 PIR sensors at the entrance of each of the 3 zones per the sequence of sensed PIR sensor shown in Figure 7 . The standby power is automatically cut off and supplied in the Control System per the presence of users in each zone by attaching Powermeter on the home appliances. During this time, by narrowing the sensing angle of PIR sensor from a vertical 95° and horizontal 90°, the counting of each person in the room was made easy and real time monitoring of power was enabled in Control System by using data collected by Powermeter so that users could be aware of the energy being wasted inside a house. By comparing the result during 24 hours of experiment with the implemented system developed in this study and the case of system not implemented, standby power reduction was analyzed. Table 3 is average standby power of each device. In this study, a system which automatically cuts off and supplies standby power according to the presence of users per different zones was developed, and test was conducted with 6 types of home appliances for 24 hours. Figure 8 shows a comparison graph between standby power reduction with the proposed system and without the system. In the graph, x axis indicates time, while y axis indicates power.
Analysis and evaluation
With the implementation of the developed system, a power of 118.01Wh could be saved compared to that without system. Thus, 47% of standby power reduction out of a total standby power consumption was saved. Reduced energy only in Zone 3, especially, was prominently different as 56.43Wh which was due to a microwave oven of high standby power that implies tremendous power loss occurred due to standby power which was flowing even when an appliance was not being used. Also, if standby power reduction system is assumed to be adopted for 6 types of home appliances per tested scenario, a yearly electric energy saving of around 43,073.65Wh could be expected; therefore, the excellence of standby power reduction system could be confirmed. Figure 9 . Use pattern scenario of home appliances
Performance comparison with conventional standbypower reduction system
The existing standby power control system includes batch control system and individual control system. In this study, a virtual scenario about the use hours of each home appliance was prepared to compare the existing standby power reduction system and proposed developed system shown in Table  4 and Figure 9 . In the graph, x axis indicates power use hour, while y axis indicates power consumption of home appliances. Each home appliance was selected considering wide distribution with possibility of standby power cutoff based on statistical data from EPSIS (Electric Power Statistics Information System), while power as well as standby power were set with data from Lawrence Berkeley National Laboratory as standard. Since passive participation was required to control standby power in the existing system, the performance of the system was evaluated while the participation of user was categorized into 100%, 50%, and 0%. The standby power reduction was calculated by scenario and the result was obtained as in Table 5 . The best standby power reduction of 845.6Wh was achieved by individual control system when a user has participated 100% in the standby power reduction, while when the participation rate was 0%, the standby power reduction could not be achieved at all. Average standby power reduction by user's participation rate showed that the largest standby power reduction could be achieved with the system proposed in this study.
The comparison result of standby power reduction system proposed in this study based on the scenario revealed that it could automatically control a system unlike the existing batch control system and individual control system where the participation of user was not required. The average standby power reduction too was the highest as 785Wh per user participation rate. The experiment results showed that the developed system in this study was superior to the existing system at user convenience and energy reduction aspects. 
Conclusion
In this study, standby power reduction system was designed and implemented wherein subject area was divided into 3 zones. Two numbers of PIR sensors were installed at each zone to judge the entry and exit of users. The standby power of home appliances in the corresponding area was cut off and supplied using ZigBee communication according to the presence of users.
The experiment results gathered by implementing a developed system on 6 types of home appliance for 24 hours yielded a power reduction of 118.01Wh, which is 47% of the total standby power consumption compared to that without system. If this scenario is implemented for 1 year, the yearly standby power reduction of around 43,073.65Wh could be achieved, and such will greatly contribute to energy reduction which is otherwise being wasted without users being aware of it.
Also, performance comparison between a developed system and an existing system by preparing a virtual scenario showed different standby power saving results in the existing system according to the participation rate of users, while the average standby power reduction system in this study showed the highest average standby power reduction value of 785Wh. In addition, the system in the present study has a construction of automatic standby power cutoff and supply; therefore, it not only saves energy but provides convenience to users, which proves to be the best combination in terms of performance.
By using a monitoring function in the developed system without users accessing home appliances in person, the currently running electronic device list can be viewed at one glance. It is possible to check energy consumption and reduced energy without directly approaching home appliances.
If user identification function is added in the future, it will be suitable to predict the use pattern of home appliances based on the stored data in the database. This could be extended to the development of an intelligent control system. Also, after using collected power use information, a DR plan in a smart grid system will be fitting.
